Abstract-The availability of the stinging catfish, Heteropneustes fossilis has been declined in the natural water bodies in Bangladesh in the last two decades. Thus, it is a great concern whether the reduction in abundance has had any impact on genetic variability of this species. Randomly Amplified Polymorphic DNA (RAPD) fingerprint was generated to analyze the genetic variation in five different populations of H. fossilis namely Chalan beel (Natore), Pirgonj beel (Rangpur), Mohongonj haor (Netrakona), Belaboo beel (Narsingdi) and a hatchery located in Mymensingh. Four polymorphic decamer primers, out of 30 tested, were selected for Polymerase Chain Reaction and used in the final RAPD analysis of fifteen individuals from each population. These four primers produced 31 scorable bands of which 26 (83.87%) were polymorphic. The proportion of polymorphic loci and gene diversity estimates were 83.87 and 0.3703, respectively in the Mohongonj population indicating the existence of a relatively higher level of genetic variation in this population. All the populations showed almost similar level of intra-population similarity indices. The UPGMA dendrogram based on Nei's original measures of genetic distance (D) indicated the segregation of five populations into two distinct groups. The four natural populations made one cluster and the hatchery population produced another cluster. RAPD markers could detect variations within and between populations allowing genetic characterization of different populations of H. fossilis.
Introduction
The stinging catfish, Heteropneustes fossilis, belongs to the family Heteropneustidae of the order Siluriformes. It is found in Bangladesh, India, Pakistan, Nepal, Srilanka, Thailand, Laos and Mayanmar [1] . It is commercially as well as aquaculturally an important species in many Asian countries. It occurs in all types of inland water bodies and can survive for a long time even in a small quantity of water as it has accessory respiratory (air-breathing) organs. The species is popular for its high growth rate, high fecundity, efficient feed utilization capacity and ability to survive in poorly oxygenated waters. It is also popular from nutritional and medical point of view. Habitat degradation caused by natural and human interventions, injudicious application of pesticides in agricultural fields and release of industrial effluents have recently become great constraints for fish biodiversity in most aquatic ecosystems in Bangladesh. As a result there is a declining trend in the availability of H. fossilis along with many others in natural water bodies of the country. An outbreak of epizootic ulcerative syndrome (EUS) during the late eighties and early nineties of the last century aggravated the loss of abundance of this species in Bangladesh. It has been categorized as vulnerable based on IUCN red list of 1994 in India [2] . Thus, it is a great concern whether the reduction in population size has had any impact on genetic variability of this species as there is an inverse relationship between the genetic variability and adaptability to environmental changes. Genetic variability is also termed as raw materials for selective improvement of an aquaculture species.
Recently, this species has been used as an aquaculture species by private fish farmers and for that purpose the seeds are being produced in some hatcheries. The popularity of farming of this species is increasing day by day due to its high market price and demand. Molecular markers are realistic and useful tools for the investigation and monitoring of genetic conditions both in natural populations and in captive stocks. RAPD is one of the simplest molecular tools for genetic and systematic analyses of various organisms and has provided important applications in catfish [3] . The RAPD technique is relatively less expensive compared to other methods [4] and does not require prior DNA sequence information for examination of genomic variations. The objective of the present study is to generate RAPD fingerprinting of H. fossilis to assess intra and inter-population genetic variation in five stocks of this species.
Materials and Methods
Collection of fish sample and extraction of genomic DNA H. fossilis samples were collected from four natural and one hatchery sources namely Chalan beel (Natore), Pirgang beel (Rangpur), Mohongonj haor (Netrakona), Belaboo beel (Narsingdi) and Al-Amin Hatchery (Mymensingh) " Fig. (1) Genomic DNA was extracted from fin tissues according to the method described by Islam and Alam [5] . In brief, approximately 30 mg of fin tissues was cut into small pieces and taken into 1.5 ml microfuge tube. The fin tissue was digested with proteinase-K in extraction buffer (100 mM Tris, 10 mM EDTA and 250 mM NaCl, pH= 8.0 and 1% Sodium Dodecyl Sulfate) overnight at 37ºC. DNA was purified once with equal volume of phenol: chloroform: isoamyl alcohol (25:24:1) and once with chloroform: isoamyl alcohol (24:1) and precipitated using 0.6 volumes of isopropanol. The DNA samples were tested qualitatively on 1% agarose gel and quantified by using a spectrophotometer (Biophotometer plus, Eppendorf, Germany). DNA was isolated from fifteen fish of each of the sources and used for RAPD fingerprinting.
Primer Selection and PCR amplification
Initially, thirty decamer primers from three kits (5 from kit A, 20 from kit B and 5 from kit C) of random sequence (Operon Technologies, Inc., Alameda, CA, USA) were tested on a randomly chosen fish from each populations. Primers were selected on the basis of intensity or resolution and repeatability of bands, and polymorphism. Finally, four primers exhibiting a high quality banding patterns and sufficient variability were used for analysis of all the samples. The PCR conditions were based on [6] with some modifications. PCR was performed on each DNA sample in a 10µl reaction mix containing 1µl of 10×Taq polymerase buffer, 2µM primer, 0.25mM of dNTPs 1.0 unit of Taq DNA polymerase (GENEI, Bangalore, India), and 100ng of genomic DNA. The reaction mix was preheated at 94ºC for 3 min followed by 40 cycles of 1 min denaturation at 94ºC, 1 min annealing at 36ºC and 2 min elongation or extension at 72ºC. After the last cycle, a final step of 6 min at 72ºC was added to allow complete extension of all the amplified fragments.
Agarose gel electrophoresis of PCR products
Total volume of the amplified product (10µl) of each sample was subjected to electrophoresis on 1.4% agarose gel containing ethidium bromide in 1xTBE buffer at 100V for 1h. Two molecular weight markers (Lambda DNA/EcoRI/HindIII digest and 100bp DNA ladder) were electrophoresed alongside the PCR products. Finally, the DNA bands were observed on a GelDoc system and the photographs were captured by a Digital Camera and saved.
RAPD Data Analysis
The RAPD data were scored for the presence or absence of the amplified fragments for all individuals of all the populations. The presence of a band was designated as 1 and absence was designated as 0. For more accuracy, band scoring was performed by two persons independently. The basic data finally consisted of a binomial (1, 0) matrix. This was used for estimating polymorphic loci, Nei's [7] gene diversity, genetic distance and constructing an unweighted pair group method of arithmetic average (UPGMA) dendrogram among populations using the POPGENE (version 1.31) computer program [8] . The sizes of the RAPD markers were estimated by using the software DNAfrag (Version 3.03) [9] . Since RAPD markers are dominant, it was assumed that each band represented the phenotype at a single bi-allelic locus [6] . The similarity index values (SI) between the RAPD profiles of any two individuals on the same gel were calculated from RAPD markers according to the following formula: Similarity index (SI) = 2NAB/(NA + NB) Where, NAB is the total number of RAPD bands shared by individuals A and B, and NA and NB are the number of fragments scored for each individual, respectively [10] . Within population similarity (Si) was calculated as the average of SI across all possible comparisons between individuals within a population. Between population similarity (Sij) was calculated as the average similarity between randomly paired individuals from populations i and j [11] .
Results
The four primers generated a total of 31 bands of which 26 bands (83.87%) were polymorphic ( Table 1 ). The number of bands per primers ranged from 7-9 with an average of 7.75. The proportion of polymorphic bands for each primer ranged from 77.78% to 87.50%. The proportion of polymorphic loci was highest in the Mohongonj Haor (Netrakona) population (83.87%) and lowest in the Hatchery (Mymensingh) population (64.52%) ( Table 1 ). The gene diversity across all populations for all RAPD loci ranged from 0.3139± 0.19 (mean ± SD) to 0.3703 ± 0.11. RAPD profiles of five different populations of H. fossilis for the four primers OPA01, OPB01, OPB02 and OPB19 are shown in " Fig. (2) ".
Within and between population similarity indices
The value for intra-population similarity indices for the Hatchery population was the highest (71.77%) followed by that of the Natore (71.06%), Narsingdi (67.42%), Mohongonj (66.22%) and Rangpur (64.95%) populations respectively ( Table 2 ). The inter-population SI (Sij) for the Natore vs Narsingdi populations was higher (67.67%) than those for all other population-pairs (Table 2) .
Genetic identity and genetic distance
The value for interpopulation genetic identity was highest (0.9397) for the Natore and Rangpur populations and lowest (0.8444) for the Mohongonj and Hatchery populations. The highest (0.1691) and lowest (0.0622) genetic distances were found between the Hatchery and Mohongonj populations and between the Rangpur and Natore populations respectively (Table 3 ). The UPGMA dendrogram based on Nei's genetic distance [12] indicated the segregation of the H. fossilis populations collected from five different sites into two distinct clusters. The four natural populations remained in one cluster and the Hatchery population remained in the other cluster. The Natore and Rangpur populations produced one subcluster and the Mohongonj and Narsingdi belonged to another subcluster " Fig. (3) ".
Discussion
The abundance of stinging catfish has decreased significantly owing mainly to imprudent development and reckless fishing during the last two decades and the occurrence of ulcerative disease syndrome in the late 1980s and early 1990s. Reduction in population size may result in the loss of gene genetic diversity and depletion in gene pool [13] . The RAPD markers have been found to have a wide range of applications in gene mapping, population genetics, molecular evolutionary genetics and plant and animal breeding [14, 15] . RAPD technique has been used in fisheries for analysis of variation in populations with differential degrees of geographic isolation. The four primers generated a total of 31 bands in the five populations 83.87% of which were polymorphic. The percentage of polymorphic loci in the five different populations of H. fossilis, was found to be similar to that observed in six populations of the African catfish Clarias gariepinus in Egypt 69.5% [16] . In contrast to the findings of the present study, a very low level of polymorphism (18.75%) in RAPD loci was observed in two Indian populations of H. fossilis (Bloch) [17] . However, the same authors [18] found a high level (64.98%) of polymorphism in two populations of Mystus vittatus of Madhya Pradesh in India using RAPD markers. Liu and co-workers [19] observed very low levels of polymorphism within the species of both channel catfish (Ictalurus punctatus) and blue catfish (Ictalurus furcatus) but found high levels of polymorphism between the species of channel catfish (I. punctatus) and blue catfish (I. furcatus). In the present study, a maximum of 83.87% polymorphic loci was found in the Mohongonj population and a relatively lower level of polymorphic loci (64.52%) was found in the Hatchery population. A high level of polymorphic loci indicates the high genetic variation in the studied populations. The higher percentage of polymorphic loci and gene diversity (0.3703 ± 0.1137) in Mohongonj populations indicate the highest level of genetic variation in this population. All the populations showed almost similar levels of intra-population similarity indices which indicates that individuals within each population are genetically closer to each other than the individuals of the other populations (Table 2 ). Nei's [12] original measures of genetic distance (D) were also used to evaluate the genetic variability and relatedness among the H. fossilis populations. The pair-wise genetic distance between the Mohongonj and Hatchery populations was highest while that between the Rangpur and Chalan beel (Natore) populations was the lowest. On the geographical point of view, though the Hatchery located near to Mohongonj, and Chalan beel located quite far from the Rangpur but it shows close similarity with the Chalan beel populations. The UPGMA dendrogram based on the genetic distance produced two clusters of five populations. The four natural populations made one cluster and the Hatchery population made another cluster. The present study may serve as a reference point for future examinations of genetic variations within the populations of fishes which are not only commercially important but also play a significant role in food chain in lentic as well as lotic habitats. The presence of variability among populations as well as individuals within a population is essential for their ability to survive and successfully respond to environmental changes [20] . We found a quite high level of genetic variation in the five populations of H. fossilis. The genetic variations in the five studied populations were more or less similar. 
